of the eventual diagnosis would appear to be worth while.
Clinical Findings
The clinical impressions on admission, as well as the clinical features confirming an eventual diagnosis of sarcoidosis, are summarizea in the Table (overleaf). Ten of the twelve patients presented with objective arthritis in two or more joints, and the remaining two (Cases 2 and 4) gave a history of polyarthralgia at the onset of symptoms, although no objective joint changes were present on admission to hospital. Fever was present on admission in five cases (1, 5, 7, 9, 12) , but the response to salicylate therapy was only partial. No patient had splenomegaly, but hepatomegaly was found in Cases 9 and 10. The liver biopsy from Case 9 was compatible with sarcoidosis.
Skin.-Five patients (Cases 3, 5, 6, 8, 9) had cutaneous lesions compatible clinically and histologically with sarcoidosis ( Fig. 1) , and one (Case 10) had subcutaneous nodules shown microscopically to be of Darier-Roussy type. In Case 3 skin biopsies were taken from three different sites: one confirmed the widespread clinical ichthyosis, and the other two revealed a sarcoid reaction with the ichthyosiform pattern. Erythema nodosum occurred at the onset with polyarthritis in two patients (6, 7), and Case 6 also had histologically proven cutaneous sarcoid. complete regression of hilar adenopathy between July, 1962, and April, 1963 , and became symptom-free.
Eyes.-Complete ophthalmic examinations were done in eleven cases. Case 10 is described above and Case 6 had no abnormality apart from diminished tear formation. Case 8 was treated for ocular sarcoid for years; the lesion started as a retinal detachment and progressed to cataract and phthisis bulbi in the left eye. The right eye remained normal.
Skeletal Changes.-Bone surveys and serial radiological examinations were done in all cases. Special attention was paid to the bone ends adjacent to affected joints but, apart from soft-tissue evidence of joint effusions, no articular abnormalities were found except in Case 5. This patient had cutaneous sarcoid of the face and bilateral radiological changes in both wrists that remained unchanged over 4 years. Both joint spaces were narrowed with marked sclerosis of the radial articulating surfaces which appeared to be flattened.
Clinically, there was bilateral limitation of dorsiflexion with radial deviation of both wrists, presumed to be due to the flattened lower ends of the radii. During our period of observation these joints were never acutely inflamed, and a synovial biopsy of the left wrist revealed a non-specific, chronic synovitis with no evidence of granulomatous inflammation.
Apart from a small radiolucent area in the left capitate (Case 3) and a cystic area in each femoral neck (Case 12) no bony abnormalities were found except in Case 8. This patient showed bilateral knee effusions with quadriceps wasting and bilateral soft tissue thickening of both ankles. There was slight synovial thickening and limitation of dorsiflexion in the right wrist and bilateral clubbing of fingers and toes, but in each extremity the 4th and 5th digits were normal. Surgical biopsy of the right knee 6 months after the onset of arthritis revealed that the synovial membrane had a reddish, villous surface macroscopically. Microscopy revealed a marked synovitis with granulomata consistent with sarcoidosis (Fig. 2) . These granulomata were surrounded by proliferating fibroblasts. Special stains and cultures of the fluid did not reveal any infectious cause for the granulomata.
:' Fig. 2(a) .-Synovial biopsy from right knee 6 months after onset of arthritis (Case 8) . There is a granulomatous synovitis with multiple, discrete, non-caseatmng epithelioid tubercles within the villous processes. Special stains did not reveal any micro-organisms. x 14.
Bone x rays a year previously were normal, but on this occasion there were bilateral, symmetrical periosteal reactions by the ankles (Fig. 3 , opposite), the lower medial aspects of the femora, the lower ends of both ulnae and radii, and effusions in both knee and ankle joints. The bones were otherwise normal. Laboratory Investigations.-These included Kline, R.A. latex, and L.E. agglutination tests, eosinophil counts, and estimation of serum albumin, globulin, calcium, phosphorus, and uric acid.
The R.A. Hyland latex slide test was negative in ten of the twelve, the two positive cases exhibiting hyperglobulinaemia.
The range of eosinophil counts in the peripheral blood showed slightly raised counts on admission which soon became normal.
The Kline test was negative in all except Case 8, and serum uric acid levels were normal in the eight cases tested.
The L.E. agglutination test was repeatedly negative in the nine patients examined.
Seven patients had a raised serum globulin level.
The levels of serum calcium and phosphorus were normal on admission in ten of the eleven tested, slightly raised values being found in Case 10, who was the upper lobes were radiolucent but contained radiodense material; they were termed "fungus balls" by the radiologists* (Fig. 8) .
Synovium
Macroscopic and Microscopic Findings ( Fig. 2 and Figs 4 to 7). Surgical joint biopsies were performed on Cases 1, 5, 8, 9, 11, and 12. Case 5 (left wrist) is described above and the synovial membrane was not visualized.
Case 1 had a normal, smooth synovial membrane of the left knee but several small nodules in the perisynovial fat lateral to the patella proved to be compatible histologically with sarcoidosis (Fig. 9) . These had been palpated and marked before operation and each felt like a single, small nodule.
Case 8 had bilateral knee effusions in 1961 and 1962 with marked swelling, and in 1962 the surgeon noted that the right knee had a reddish villous synovial surface. Microscopy confirmed a marked synovitis with subsynovial granulomata compatible with sarcoidosis (Fig. 2) .
Case 11 also had bilateral knee effusions which were aspirated on several occasions, when the thickened synovium was easily palpated. Clinically, this patient presented as a case of acute rheumatoid arthritis with~~~- group.bmj.com on June 27, 2017 -Published by http://ard.bmj.com/ Downloaded from acute involvement of the finger, wrist, elbow, and knee joints and persistent dorsal sheath swellings over both wrists. At operation the synovium of the right knee was found to be thickened and injected, but there were no villous changes or pannus formation. The menisci and cartilage were normal. Microscopy revealed a chronic synovitis with a subsynovial granulomatous reaction consistent with sarcoidosis (Fig. 4) .
In Case 9 the synovium from the ankle exhibited areas of fibrosis, several non-caseating granulomata, and hypertrophic synovitis (Fig. 5) . Case 12 had recurrent effusions of the right knee and surgical biopsy over the medial aspect revealed a greatly thickened, oedematous synovium, with a thick flat plaque with a red edge on the medial femoral condyle. The underlying cartilage and the menisci were normal, and there was no villous formation. Samples for histology were taken from (a) the vascular edge of the plaque, (b) the outer synovium, and (c) the synovium from behind the patella. Microscopy revealed complete absence of synovial lining cells in all three specimens, so that the multiple synovial granulomata formed the joint surface, and were covered by a few strands of fibrin (Figs 6 and 7) . Giant cells were numerous in (a) and (b) and moderately so in specimen (c).
Synovial Fluids.-Unfortunately, these were not well studied except in Cases 11 and 12.
Cases 1 and 8 had negative aerobic and anaerobic cultures and no acid-fast bacilli were seen in the centrifuged deposit.
Case 11 had bilateral and Case 12 unilateral knee effusions. In both patients these effusions were recurrent and required repeated aspirations, and the fluid always contained many red and white blood cells. However, the initi il synovial fluid on admission to hospital from each of the three knees was yellowish and watery, with a very low viscosity. Employing the Sink test, Case 11 gave strings only 3 to 5 mm. long (normal = several inches) and Case 12 yielded drops only. All these initial samples had high red and white cell counts and raised protein values (4 to 6 g. per cent.). No acid-fast bacilli were seen in the centrifuged deposits in either patient. Repeated cultures on serial aspirates for aerobic and anaerobic organisms and fungi were all negative in both. Case 11 bad negative cultures for acid-fast bacilli from both knees, but Case 12 later grew acid-fast bacilli from three separate samples of synovial fluid aspirated on May 6, 14, and 17. In Case 12 cultures from the spinal fluid, from two samples of joint fluid, and from knee and axillary lymph node tissue, were all negative for fungi. 14(a, b, c ).-Series of exposures in non-polarized, partially-polarized, and fully-polarized light. In non-polarized light (Fig. 14a) Myers, Gottlieb, Mattman, Eckley, and Chason (1952) emphasized the value of random muscle biopsy as a diagnostic tool in sarcoid arthritis; 6 years later Wallace, Lattes, Malia, and Ragan (1958) found 23 out of 42 sarcoid patients with positive muscle biopsies and illustrated the paravascular situation of sarcoid granulomata. Sokoloff and Bunim (1959) also noted this paravascular situation in the perisynovial fatty tissue of the knee. Our Case 1 was almost identical; at operation the synovium of the knee appeared normal but the nodules previously palpated clinically, were found in the perisynovial fat (Fig. 9) .
Synovium.-Few synovial biopsies have been described in sarcoidosis. Sokoloff and Bunim (1959) gave detailed reports on five cases, another was published by Ferguson and Paris (1958) , and brief reference to two more was made by Kaplan (1960) . Our findings are in agreement with those of Sokoloff and Bunim (1959) , and like them, we found varying degrees of granulomatous formation, and special investigations revealed no infectious cause. A biopsy of their Case 5, taken during a remission of the acute arthritis, showed microscopically a subacute to chronic inflammatory reaction. Our Case 5 had chronic involvement of both wrists for many years and biopsy revealed a non-specific, chronic synovitis with no evidence of granulomatous inflammation. In contrast, the acute cases in both series of patients were the same. Our Fig. 2 (Figs 6 and 7) . The synovial lining cells had completely disappeared from three specimens from widely-separated areas of the joint, and the multiple granulomata were covered by a few strands of fibrin and formed the joint surface. Presumably this rapid progression into the joint accounted for the clinical recurrent effusions with increased cells and protein.
The data were analysed to see if there was any correlation between the histology and the length of time the joint had been inflamed, but none was found. Case 8 had a 6-month history of effusion before biopsy, and in Cases 11 and 12* the interval was 11 and 5 weeks respectively. Thus, it appears to be the rate and severity and not the length of time that is responsible for the histological picture.
Other Tissues.-Tissue biopsy clinched the diagnosis in most of our cases. The value of open surgical biopsy of the affected joint is to further the understanding of this ill-understood disease during * An additional feature in Case 12 was the culture of acid-fast bacilli from three separate samples of synovial fluid. This patient had some of the features of sarcoidosis (lymph node biopsy, positive yet atypical Kveim reaction, chest x ray, and impaired pulmonary diffusion) and tuberculosis (positive purified protein derivative No. 1, synovial fluid culture, and histology that could be sarcoidosis, but gave a more virulent picture than the synovial biopsies from the other cases). (Compare Fig. 4 and Figs 6 and 7) . A careful search for a fungal or other bacterial cause for the condition was unsuccessful. All the tests mentioned and the node biopsy were performed, in the acute phase, within 2 weeks. It would appear that this patient could well represent the transition between sarcoidosis and tuberculosis recorded by Lees (1956) , and Bunim, Kimberg, Thomas, Van Scott, and Klatskin (1962) . the acute phase in the area most involved. Inspection of the synovium, bone ends, cartilage, and menisci, as reported above, revealed changes confined to the synovium. This was thickened, oedematous, and vascular without pannus formation; some villous formation was seen in Case 8 only where the joint effusion had been present for 6 months. Histologically, the synovial lining cells were increased in number and hypertrophic, the synovitis matching the macroscopic picture. Noncaseating granulomata of varying size and number were found in the subsynovial tissue, but multinucleated giant cells were few in comparison with their abundance in the lymph nodes, liver, or skin of the same patients. As pointed out recently by Bunim and others (1962) , non-caseating granulomata can occur in primary disorders of the liver, but are commonly found in systemic granulomatous disease. Only three of our patients had liver biopsies and in two of these other tissue histology supported the diagnosis of sarcoidosis.
Arthritic Symptoms. -Israel and Sones (1958) , in their excellent analysis of 160 cases of sarcoidosis, cite only nine with arthralgia and myalgia, and do not mention arthritis, joint effusions, synovial biopsies, or pulmonary function studies. James (1956) analysed 150 cases of sarcoidosis and tabulated "the widespread clinical manifestations that may embrace any branch of medicine". James, Thomson, and Willcox (1956) list seventeen out of 27 patients with sarcoidosis and erythema nodosum as having associated polyarthritis. This association has been noted by several authors. A recent paper (Edwards, Sproule, and Mason, 1962) reports three cases with hilar adenopathy and erythema nodosum (one with a normal pulmonary function test) with subsequent complete regression of all signs of the disease, as we found in our Case 7. Williams (1961) reported seven cases of sarcoidosis presenting with polyarthritis. Acute arthritis was the presenting symptom in ten of our twelve patients, but as time passed, it became evident that the initial impression was incorrect, and that the case was atypical for that particular category. For example, those thought to be cases of rheumatic fever responded only partially to salicylate therapy, a feature noted by other observers (Myers and others, 1952; Williams, 1961) . Frequently the routine chest x ray was responsible for bringing to mind the fact that enlarged hilar nodes and arthritis could occur in sarcoidosis.
It has been pointed out that erythema nodosum is usually associated with a transient form of the disease, whereas subcutaneous nodules are associated with the persistent, chronic form (Kaplan, 1963) . Our Case 5 had nodular skin lesions (Fig. 1) which partially responded to chloroquine therapy Hirsch, Cohn, Morse, Schaedler, Siltzbach, Ellis, and Chase, 1961) . Case 10 had subcutaneous nodules of the Darier-Roussy type associated with severe ocular and pulmonary involvement. The two patients with arthralgia but no objective joint changes on admission (Cases 2 and 4) had lymph node biopsies compatible with sarcoidosis and impaired pulmonary function.
Laboratory Investigations.-The routine tests proved to be of little aid in diagnosis except by excluding other aetiologies. The electrocardiograms of two patients showed incomplete right bundle branch block. This is consistent with a diagnosis of sarcoid heart disease, in which conduction disturbances are the most common cardiac manifestation (Porter, 1960; Chamovitz, Culley, and Carlson, 1962) . A slight increase in eosinophils in the peripheral blood and a moderate or mild hypergammaglobulinaemia can occur in many disease states, especially those involving the joints. However, false positive latex-fixation tests (Cases 3 and 6) have been reported in cases of sarcoidosis, due to a gamma globulin of high molecular weight indistinguishable in physical properties from the rheumatoid factor (Kunkel, Simon, and Fudenberg, 1958) . Serum electrophoresis in Case 6 showed the gamma globulin fraction to be 3 27 g. per cent.
(normal = 0 -6-0 -9). The two negative Kveim tests were believed due to (a) remission (Case 7) and (b) corticosteroid therapy (Case 10) (James and Thomson, 1959) .
Only our Case 10 showed raised serum calcium and phosphorus levels (cf. David, Verner, and Engel, 1962) . Mather (1957) (Anderson, Dent, Harper, and Philpot, 1954; Dent, Flynn, and Nabarro, 1953; Lovelock and Stone, 1951; McSwiney and Mills, 1956; Gleckler, 1956; Henneman, Carroll, and Dempsey, 1954; Henneman, Dempsey, Carroll, and Albright, 1956; Shulman, Schoenrich, and Harvey, 1952; Snapper, Yarvis, Freund, and Goldberg, 1958; Goetz, 1960) . In Case 8 x rays showed a staghorn calculus and calcified uterine myomata in 1959, but six estimations of serum calcium and phosphorus from 1958 to 1962, while she was taking 5 to 10 mg. prednisolone daily, were all within normal limits.
Radiology.-Now that mass radiological surveys are disclosing more cases of early sarcoidosis, the frequency of bone involvement has been overemphasized (Teirstein, Wolf, and Siltzbach, 1961) . Lofgren (1953) saw only three examples of bone lesions in 212 early cases of sarcoidosis. Similarly, Mather (1957) found only nine in 120 cases and concluded that bone radiographs were of little value in diagnosis. Bone involvement is more frequent in chronic cases, the percentage ranging from 6 to 20 per cent. (Reisner, 1944; Holt and Owens, 1949; Nitter, 1953) . Only two of our patients had radiolucent areas considered to be typical of sarcoidosis. Case 5 had unusual radiological joint changes in both wrists and bilateral limitation of dorsiflexion, clinically accompanied by radial deviation; this patient had been diagnosed as a case of rheumatic fever in 1954 and gave a history of recurrent similar episodes of polyarthritis. Both the clinical and radiological findings (described above) are atypical for rheumatoid arthritis, the major feature being the cutaneous sarcoid lesions of the face (Fig. 1) .
Pulmonary Function.-Impairment of lung function matched the severity of the radiological changes in the lung parenchyma. The presence or absence of hilar glands appeared to be unrelated to the degree of impaired diffusion. Each of the three cases of florid alveolar-capillary block had severe bilateral radiological changes compatible with sarcoidosis.
The lungs were the main site of attack in Case 8 and autopsy confirmed the widespread involvement of the lung, the confluent nodules producing considerable areas of consolidation. Since the publication of the widely-quoted paper by Rakov and Taylor (1942) Johnson and Pani (1962) identified them as calcium oxalate histochemically.
In conclusion, it would appear that definite joint involvement is a more frequent presenting feature than is generally supposed. Reports on the macroand microscopic appearance of the synovium were obtained from the six open surgical biopsies which were performed. In the acute stage the inflammatory process was distinguishable from that of acute rheumatoid arthritis by the absence of villous formation and pannus, the intact normal cartilage covering the bone ends, and normal menisci. The microscope showed an acute synovitis with subsynovial, non-caseating granulomata. The acute nature of the process was attested by the hot, swollen, tender joints, and the recurrent bloodstained effusions. The chronically affected joints showed mild non-specific synovitis. In Case 12, with features of both sarcoidosis and tuberculosis, the fact that the disease process in the knee had reached the joint surface itself, no synovial lining cells being seen, may be the reason that this was the only one thought on admission to hospital to be a case of acute infectious arthritis (Table) . In addition, this patient had severe involvement of the left elbow persisting for several weeks, and the corresponding axillary gland contained numerous granulomata consistent with sarcoidosis which proved to be the first clue to the diagnosis. The Kveim test, though positive, gave an atypical histological picture compared with the typical sarcoid reaction.
As pointed out by Bunim and others (1962) , multiple biopsy and other evidence is required before a diagnosis of sarcoidosis can be made; an isolated histological lesion, without evidence of dissemination to other tissues, does not constitute sarcoidosis. This is also emphasized by Anderson, James, Peters, and Thomson (1962) , who described 36 patients with isolated granulomata from a variety of tissues, in whom the diagnosis could not be substantiated; they distinguished local granulomatous reactions from sarcoidosis by physical examination, chest radiography, and the Kveim test, the Mantoux reaction and serum globulin determinations being of little help.
Finally, the clinician does well to divide cases of sarcoidosis into the three groups described by Hoyle (1961) : (1) benign with spontaneous resolution, (2) chronic but non-progressive, (3) chronic and progressive.
Summary
The clinical, pathological, and radiological findings in twelve cases of sarcoidosis with arthritis are described. Pulmonary function studies, six surgical synovial biopsies, eighteen tissue biopsies, and one autopsy report are included.
Each case presented with arthropathy, usually acute. The protean modes of presentation may mimic acute rheumatic fever, acute rheumatoid arthritis, infectious arthritis, or tuberculosis.
Case 12 appeared to be one of acute infectious arthritis; two biopsies showed non-caseating granulomata, the Kveim test was positive yet atypical, and the purified protein derivative No. 1 was positive; the chest x ray was compatible with sarcoidosis and the pulmonary diffusion capacity was impaired; the synovium differed at operation and microscopically from the other cases, and culture of the synovial fluid grew acid-fast bacilli. Le cas numero 12 ressembla a une arthrite infectieuse aigue; deux biopsies montrerent des granulomes noncaseeux, le test de Kveim fut positif mais atypique, le derive de proteine purifiee No. 1 fut positif; la radiographie de la poitrine fut compatible avec une sarcoidose et la capacite pulmonaire de diffusion fut diminuee; a l'operation et microscopiquement la synoviale fut differente de celle des autres cas et a la culture du liquide synovial on obtint des bacilles acido-resistants.
Sarcoidosis con artritis SUMARIO Se describen doce casos de sarcoidosis con artritis desde el punto de vista clinico, patol6gico y radiol6gico y se afiaden a la descripci6n estudios de la funci6n pulmonar, de seis biopsias quirurgicas de la sinovia, de dieciocho biopsias de tejido y un informe de autopsia.
Todos los casos se presentaron con una artropatia, generalmente aguda. El modo proteiforme de la presentaci6n puede imitar la enfermedad de Bouillaud, la artritis reumatoide aguda, la artritis infecciosa o la tuberculosis. El caso No. 12 se pareci6 a una artritis infecciosa aguda; dos biopsias revelaron granulomas sin caseificaci6n, el test de Kveim fue positivo pero no tipico, la el derivado de proteina purificada fue positivo; la radiografia del pecho fue compatible con sarcoidosis y la capacidad pulmonar de difusi6n fue reducida; en la operaci6n y microsc6picamente la sinovia fue diferente de la observada en los demas casos y la cultura del liquido sinovial produjo bacilos acido-resistentes.
